Purpose: Emergency hip surgery generally has worse outcomes than elective hip surgery, even when adjusted for patient and surgical factors. Do-not-resuscitate (DNR) status patients are typically at higher perioperative risk and undergo a narrow range of surgical procedures. We aimed to compare the outcomes after hip surgery of differing degrees of urgency in this cohort. Materials and Methods: Using National Surgical Quality Improvement Program (NSQIP) data, we conducted univariate and multivariate analyses comparing outcomes of DNR status patients after emergency and nonemergency hip surgery (2007)(2008)(2009)(2010)(2011)(2012)(2013). We conducted a subanalysis of mortality in elective versus nonelective cases (elective variable introduced from 2011). Results: Of 668 hip surgery cases in DNR status patients, 210 (31.4%) were emergency and 458 (68.8%) were nonemergency. There were no significant associations between emergency and nonemergency surgery regarding patient demographics, comorbidities, functional capacity, anesthesia type, or operative duration. There was no significant difference in the 30-day postoperative mortality between emergency (21.4%) and nonemergency (16.4%) or between elective (19.6%) and nonelective (18.3%) hip fracture surgeries performed in patients with preexisting DNR status. Morbidity patterns in emergency vs nonemergency cases demonstrated no significant differences, with the commonest 3 complications being transfusion (21.0% and 21.4%, respectively), urinary tract infection (9.5% and 7.9%, respectively), and pneumonia (both at 5.2%). The 30-day home discharge rates were low at 4.7% and 5.6%, respectively. Multivariate analysis demonstrated no significant associations between emergency and nonemergency surgery for mortality, discharge destination, length of stay or complications, except perioperative myocardial infarction (3.7% vs 1.3%, P < .04). Conclusion: For patients with DNR status, both emergent and non-emergent hip surgery carries high mortality, greatly exceeding rates predicted for that patient by American College of Surgeons NSQIP risk calculators. Morbidity rates and patterns for patients with DNR status are also similar in emergency and nonemergency groups. These data may be useful in discussing risk and obtaining adequately informed consent in DNR patients undergoing hip surgery.
Introduction
Urgent and elective hip surgeries are common procedures in the elderly individuals. However, in general, outcomes are worse for emergency or urgent hip surgery than for elective hip surgery. 1, 2 Multiple factors contribute, including differences in the baseline patient demographic, comorbidities, and the types of surgery required. 3, 4 The elderly population is growing, while the incidence of surgery in the elderly individuals is increasing. Additionally, the spread of surgical procedures narrows with increasing age. The most common surgical procedures in the elderly individuals are orthopedic, namely, elective knee arthroplasty in 65-to 84-year-olds and urgent treatment of hip fracture or dislocation in those older than 85 years. 5, 6 The ratio of emergency to elective procedures performed also increases with increasing age. 7 Do-not-resuscitate (DNR) status is implemented either on patient preference or when the responsible physician expects cardiopulmonary resuscitation to be medically futile due to multiple comorbidities or end-stage disease. The DNR status has therefore been considered a potential surrogate marker for short life expectancy and is associated with poor surgical outcomes. However, up to 15% of patients who have DNR status do undergo surgical procedures each year. 8 It is unknown exactly which surgeries are most commonly performed in patients with DNR status; however, hip surgery may be expected to form a substantial group. Outcomes in this specific DNR group are currently unknown.
Patients with DNR orders undergoing emergency or nonelective hip surgery are likely to score highly for predicted postoperative mortality and morbidity, although no models exist that take DNR status into account. Because nonsurgical management carries ongoing, overwhelming risk of mortality and morbidity, hip fracture is rarely managed conservatively. 9 High degrees of risk may therefore be reasonably tolerated. However, to obtain an adequate informed consent, likely risk must still be evaluated, disclosed to the patient or family, and managed expectantly by the hospital team. In contrast to nonelective hip surgery, elective hip surgeries aim to improve the quality of life by relieving symptoms, although a nonsurgical management may be a reasonable alternative in highrisk patients. 10 In patients with DNR orders undergoing elective procedures, relevant cohort-specific, patient-centered outcome data are needed to consider risk versus benefit prior to surgery.
The outcomes for patients with DNR orders undergoing hip surgery have not been studied previously. We hypothesized that patients with DNR status undergoing emergency or nonelective hip surgery have worse outcomes than those undergoing nonemergency or elective hip surgery. Here, we report outcomes of patients with DNR status undergoing emergency and nonemergency hip surgery including a subset analysis comparing elective with nonelective surgery.
Methods

Data Source
The American College of Surgeons (ACS) National Surgical Quality Improvement Program (NSQIP) is a data registry consisting of cases reported from approximately 400 participating sites. The ACS-NSQIP has been well validated with data entry overseen by a designated surgical clinical reviewer at each site.
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Full details regarding variables and their definitions are provided by NSQIP. 12 Institutional review board (Brigham and Women's Hospital, Boston, Massachusetts) approval was obtained for analysis of the data and was exempted from the consent requirement due to the deidentified nature of the data.
Outcomes
Patients were included in the study if a DNR order was present, per the wording provided in the NSQIP Participant Use Data File:
If the patient has had a Do-Not-Resuscitate (DNR) order written in the physician's order sheet of the patient's chart and it has been signed or co-signed by an attending physician, enter ''YES.'' There must be active DNR order at the time the patient is going to the OR. However, if the DNR order, as defined above, was rescinded immediately prior to surgery, in order to operate on the patient, enter ''YES. '' Patient's data were excluded if Current Procedural Terminology (CPT) or DNR status was not reported.
Study Sample
The 2007 to 2013 NSQIP data were compiled into a single file containing 306 variables across 2.8 million surgical cases. All cases of patients under age 18 at the time of operation, trauma, and transplant surgeries and all cases where the patient is listed with an American Society of Anesthesiologists physical status (ASA PS) class 6, representing a brain-dead organ donor, were excluded from the NSQIP. All cases failing to report the donot-resuscitate variable were excluded from the analysis. Given these criteria, a total of 1 585 453 cases were included in our analysis.
We isolated all admissions for hip surgery using CPT codes: 27125 (Hemiarthroplasty, hip, partial [eg, femoral stem prosthesis, bipolar arthroplasty]), 27130 (Arthroplasty, acetabular and proximal femoral prosthetic replacement [total hip arthroplasty], with or without autograft or allograft), 27132 (Conversion of previous hip surgery to total hip arthroplasty, with or without autograft or allograft), 27134 (Revision of total hip arthroplasty; both components, with or without autograft or allograft), 27136 (Open treatment of femoral fracture, proximal end, neck, internal fixation, or prosthetic replacement), 27137 (Revision of total hip arthroplasty; acetabular component only, with or without autograft or allograft), and 27138 (Revision of total hip arthroplasty; femoral component only, with or without allograft). This yielded a total of 668 hip surgeries performed in patients with a DNR order.
Emergency surgery is defined by ACS-NSQIP as ''YES'' if the surgeon and anesthesiologist report the case as emergent. ACS-NSQIP defines an ''emergency case'' as a case ''usually performed within a short interval of time between patient diagnosis or the onset of related preoperative symptomatology. It is implied that the patient's well-being and outcome is potentially threatened'' by any unnecessary delay. The NSQIP undergoes dynamic review and development, and in 2011, an additional data point regarding scheduling (''Elective?'': Yes/No) was added to NSQIP's Participant Use Files. Consequently, we compared emergency and nonemergency cases between 2007 and 2013 and additionally compared elective and nonelective cases between 2011 and 2013, inclusive.
Patient demographic data were collected for age, ASA PS classification, sex, race, Hispanic ethnicity, height, weight, body mass index (BMI), and surgical relative value units and surgical service. Preoperative comorbidity data were collected for functional status prior to surgery (activities of daily living [ADLs]), baseline dyspnea, diabetes mellitus (insulin and noninsulin dependent); smoking status; and presence of chronic obstructive pulmonary disease, congestive heart failure, coronary artery disease (a composite of a history of angina, myocardial infarction [MI] , percutaneous coronary interventions, or cardiac surgery), hypertension, chronic kidney disease, cerebrovascular accidents, preoperative weight loss of greater than 10% in the previous 6 months, sepsis physiology, and previous operation within the past 30 days.
Data regarding the surgical procedure were collected for the primary surgical procedure CPT code, surgical resident postgraduate year, surgical wound classification, total anesthesia, and surgical control time and anesthesia type.
To identify whether various preoperative demographic and comorbidity variables or surgical factors were independent risk factors associated with emergency surgery, a univariate logistic regression model was fitted for all preoperative variables. Risk factors were defined as statistically significant with odds ratios (ORs) not including 1.00 in their 95% confidence interval (CI), representing an a of <.05.
We collected the following outcomes, with 30-day followup: death, return to the operating room (within 30 days for any reason), and, in a binary format, the following complications: superficial and deep space surgical site infections, postoperative pneumonia, unplanned intubation, failure to wean from the ventilator, progressive renal insufficiency and acute renal failure requiring dialysis, urinary tract infections, cerebrovascular accidents, MI, postoperative bleeding requiring transfusion of packed red blood cells, deep venous thrombosis requiring therapy, pulmonary embolism, and postoperative sepsis. Discharge destination (home, skilled care, or rehabilitation facility) and total length of stay were also collected. All outcomes were reported as percentages, with the numerator defined as the absolute count reporting a given outcome and the denominator defined as the total number of cases reporting any outcome for that variable. To assess for the association between surgery schedule and adverse outcomes, both univariate regression and multivariate regression were performed. For the logistic regression, ORs were reported with their associated 95% CIs. The ORs not including 1.00 in their 95% CIs were considered statistically significant.
Statistical Analysis
R Project for Statistical Computing (R version 3.2.3) was used to perform all statistical analysis. Differences between cohorts were assessed using the Pearson w 2 test for categorical variables and using the Student's t test for continuous variables.
Based on sensitivity analysis, and using an a of .05, 2 tail function, and our total sample size of 666, we have 90% power to detect an effect size of 0.016 (1.6%). Calculations were performed using G*Power. 13 
Results
The ACS-NSQIP 2007 to 2013 Participant User Files (PUFs) yielded 668 patients with DNR status undergoing hip surgery ( Figure 1 ). Of these, 210 (31.4%) cases were emergency and 458 (68.8%) were nonemergency.
Hip surgery was more common in females than males, both for emergency (71.9% vs 28%) and nonemergency surgery (73.2% vs 26.8%), as shown in Table 1 . However, there was no significant association between gender and undergoing emergency versus nonemergency surgery. Patients listing ethnicity as ''other'' were significantly more likely to undergo emergency surgery than patients listing ethnicity as ''white'' (OR: 2.84 [95% CI: 2.01-4.01]). Mean age was slightly higher for emergency patients, at 85.8 (standard deviation [SD] 5.6) versus 84.7 (SD 6.9), P ¼ .03. The >80 age-groups comprised 89% of those undergoing emergency surgery and 82.8% of those undergoing nonemergency surgery. Compared to those younger than 65 years, increasing age was not significantly associated with increased likelihood of surgery being emergency versus nonemergency: for 65 to 80 years, OR 1.52 (0.31-7.5) and for >80 years, OR 2.47 (0.54-11.37).
Emergency surgery patients had a slightly lower average BMI at 23.8 versus 24.2 kg/m 2 , but this was not significant (P ¼ .49). There were no significant associations between emergency and nonemergency surgery for a range of patient factors including dyspnea on exertion or at rest, partial or full dependence for ADLs, or for the presence of comorbidities or Table 2 . Emergency surgery cases were most likely to be either ''Open treatment of femoral fracture, proximal end, neck, internal fixation, or prosthetic replacement'' (OR: 3.74, CI: 1.62-8.62) or ''Hemiarthroplasty, hip, partial'' (eg, femoral stem prosthesis and bipolar arthroplasty; OR: 2.95, CI: 1.29-6.76). However, there was no association between emergency surgery and preoperative wound contamination (clean, contaminated, or dirty/infected) and type of anesthesia used (spinal vs general anesthesia) and no significant difference in time spent under anesthesia, operative time, or seniority of operating surgical resident.
The 30-day mortality was higher at 21.4% for emergency surgery compared to 16.4% for nonemergency surgery (Table 3) . However, there was no significant association demonstrated between emergency or nonemergency surgery and mortality. Of emergency and nonemergency patients at 30-day followup, 4.8% and 5.8% had been discharged home, 21.4% and 19.0% to skilled care, and 7.8% and 11.0% to rehabilitation. Again, discharge destination was not associated with emergency rather than nonemergency surgery.
The most common complications after emergency and nonemergency patients were transfusion (21.0% and 21.4%, respectively, P ¼ .90), urinary tract infection (9.5% and 7.9%, respectively, P ¼ .99), and pneumonia (5.2% in both groups, P ¼ 0.47) and MI (3.7% and 1.3%, P < .04). Therefore, only MI demonstrated significance when comparing rates in emergency and nonemergency patients (Figure 2 ). Despite having DNR status preoperatively, a total of 7 patients underwent unplanned intubation, 4 failed to wean from intubation, and 3 started dialysis. Mean time from surgery to discharge was significantly longer at 8.22 (SD 9.66) days for emergency surgery versus 6.92 (SD 6.77) days for nonemergency surgery, P < .05. However, total mean length of stay was not significantly longer at 9.38 (SD 9.81) days for emergency surgery versus 8.98 (SD 9.19) days for nonemergency surgery, P ¼ .62.
We also analyzed a subgroup for whom data on ''elective'' versus ''nonelective'' were also collected ( Figure 3) . From 2011 to 2013, 363 patients with DNR status underwent hip surgery, of which 46 were coded as elective and 317 were coded as nonelective. Multivariate regression analysis demonstrated no significant associations with mortality or discharge destination for nonelective versus elective hip surgery patients with DNR status ( and nonelective cases, respectively. However, average surgery to discharge time was shorter for elective 6.04 days (SD 3.89) versus nonelective surgery 9.19 days (SD 9.06) in DNR patients (P ¼ .02). Average total length of stay was also shorter after elective surgery, at 7.0 days (SD 4.01) versus 11.3 days (SD 11.28), P ¼ .01.
Discussion
In this study we describe, for the first time, the specific outcomes experienced by patients with DNR status undergoing emergency and nonemergency hip surgeries. The 30-day mortality was high in both groups at 21.4% and 16.4%, respectively, and the most common complications after both emergency and nonemergency surgeries were transfusion requirement, urinary tract infection, pneumonia, and MI. However, none of our outcomes, including 30-day mortality, length of stay, or any the complications except perioperative MI, were significantly higher or more likely in emergency than nonemergency patients. This suggests risk in emergency and nonemergency surgery may be more similar than expected for patients with DNR status than in the wider demographic. Our unexpected findings are in contrast to several studies demonstrating higher risk in emergency versus nonemergency surgeries across a range of surgical specialties, including orthopedic surgery and specifically hip surgery.
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The emergency and nonemergency groups were broadly comparable in terms of demographic and patient factors, with two exceptions. We were unable to account for the patterns of ethnicity in patients undergoing emergency versus nonemergency care, specifically for patients categorized as ''white'' versus ''other.'' It could relate to more general socioeconomic and ethnic variation in access to scheduled and unscheduled health care. However, as the ethnic categorization of ''other'' may comprise small numbers of a highly diverse patient group, it would be difficult to draw comparisons against it. This, along with increased likelihood of being ASA PS grade 4, was one of the few demographic differences demonstrated between the patient groups undergoing emergency and nonemergency care. A major limitation of our data set was the change in coding practice to introduce an ''elective surgery?'' variable in 2011, in addition to the ''emergency surgery?'' variable. Prior to 2011, only data regarding emergency or nonemergency surgery were available. Cases are coded in NSQIP as ''emergency'' if a surgeon or anesthesiologist schedules the case as such, though the intention is that this category denotes cases occurring within a short period of time. The most common surgery performed for both emergency and nonemergency cases was ''hip replacement for fracture,'' at approximately 50% each. This provides evidence of variation as to whether hip fracture surgery was documented as emergency or urgent, and urgent surgery is not currently an NSQIP-coded variable. It is not possible to determine whether classification as ''emergency'' was on clinical grounds, for example, neurovascular compromise, or for scheduling purposes, in an attempt to meet institutional or national guideline-based admission to surgery time targets. This may lead to crossover between the two groups studied and could be a confounding factor. It is possible that there is a degree of subjectivity or local practice in labeling ''emergent'' versus ''nonemergent.'' Therefore, ''elective'' versus ''nonelective,'' which has now been adopted, may be more suitable coding.
To attempt to address this potential confounding factor, we performed a second analysis of 363 patients from 2011 to 2013, for whom elective or nonelective status could be determined.
While this provided a smaller group of patients to study, the findings were consistent with the comparison of emergency and nonemergency surgery patients. Mortality approached 20% in both elective and nonelective groups, rates of discharge home or to normal place of care were low, and transfer to skilled care was high. However, we failed to demonstrate significant differences between elective and nonelective DNR patients undergoing hip surgery, neither in terms of mortality nor discharge home versus care facilities. There was a nonsignificant finding that length of stay of elective patients was between half and a third that of nonelective surgery patients. Due to smaller patient numbers, we were unable to perform detailed comparisons of individual demographics or specific complications. This study would be more powerful when repeated with a larger data set and could therefore be worth revisiting.
The 30-day mortality rates we report for nonemergency and elective hip surgery in patients with DNR status are higher than those reported in the literature and also higher than age and comorbidity-matched patients using the NSQIP risk calculator. 16, 17 We found that in our cohort, the NSQIP-ACS risk calculator 18 had underestimated mortality considerably for patients with the demographics and comorbidities found in our sample. The calculator predicted average mortality of 12% for emergency and 7% for nonemergency hip fracture surgery. In contrast, we found average mortality of 21.4% for emergent and 16.4% for nonemergent hip surgery in our DNR status patients. Informed consent and shared decision-making requires disclosure of outcomes specific to the patient and the procedure. The onus is on the physician to provide accurate risk assessment; however, there are pitfalls if models are based on samples that do not represent the patient in question well, thus over-or underestimating risk. 19, 20 This study provides outcomes that may be more relevant specifically to patients with DNR status undergoing a range of hip surgeries, whether elective, emergency, or otherwise.
Our finding reaffirms that patients with DNR status are a cohort in whom hip surgery is inherently high risk, apparently regardless of the urgency of surgery. Although there are myriad different ethical or social reasons influencing assignment of DNR status, healthcare providers associate DNR status with minimal physiological reserve, especially in the surgical patient. While DNR is not a variable that is currently included in any surgical risk stratification system, it may be useful to consider our findings when assessing risk-benefit of elective and nonelective surgeries in these patients. High mortality in itself is not a barrier to surgery in the elderly individuals, as surgery can relieve pain and improve morbidity, which are important targets, while keeping with a patient's goals of care, even if survival and discharge do not subsequently occur.
In a review of Medicare data, Kwok et al determined that of those patients aged 65 and older who died in 2008, 31.9% underwent a surgical procedure in the year before death, 18.3% underwent a procedure in the last months of life, and 8.0% underwent a procedure in the last week of life. 21 This analysis highlights the fact that surgical care of the elderly individual is frequently conducted near the end of their life. Hip surgery consists of a spectrum of emergency through to elective indications, presenting a target for harm avoidance or reduction in those nearing the end of life. For some patients, elective procedures might be avoided after careful risk-benefit analysis; however, other patients with an existing DNR status may require unavoidable emergency hip surgery, and high-risk surgery may be appropriate with either curative or predominantly palliative intent. All these patients require informed consent, so understanding patterns of adverse events is important.
Case law has changed in recent years, and the standard of practice is to disclose all risks that a ''prudent patient'' would want to know, rather than those that a ''reasonable physician'' would explain. 22 With increasing availability of risk calculators to bring representative statistics to the patient, increasingly surgeons, anesthesiologist, and other healthcare providers have the option to discuss risk quantitatively rather than qualitatively. 23 Assessing the reproducibility or accuracy of these risk calculators in specific patient subgroup is an important process. While the cohort of orthopedic patients with DNR status is relatively small, it is not insignificant and it is growing, particularly for trauma. We hope that our outcome data, which are specific to this group, can be used to communicate risk more accurately.
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